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In this work we performed studies on the antimicrobial activities of a-phenylseleno citronellal and a-
phenylseleno citronellol, two new selenium-containing citronella oil derivatives. The presence of phe-
nylselenium group in the citronellal molecule increased antimicrobial activity, as compared to a natural,
unsubstituted terpene. We assessed the antimicrobial activity of each compound against three important
species of foodborne pathogenic bacteria: Listeria monocytogenes, Staphylococcus aureus and Salmonella
Typhimurium, using the agar diffusion method and by measuring the minimum inhibitory concentration,
all the tested compounds showed antimicrobial activity against the three bacteria used. The modiﬁed
aldehyde showed good values of a minimum inhibitory concentration of 0.03 mM and antimicrobial
activity against Salmonella Typhimurium at 6.400 arbitrary units per milliliter (AU/mL). The identiﬁcation
of the antimicrobial properties of compounds derived from citronella suggests that the use of these
substances to protect food against pathogenic bacteria deserves further exploration.
 2011 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
In recent decades, exploration of the possible applications of
organoseleniumcompounds to foodpreservationhas receivedagreat
deal of attention. These compounds have become attractive synthetic
targets because of their chemio-, regio- and stereoselective reactions
(Moro et al., 2005), and because they are much less toxic than inor-
ganic species (Klayman & Gunther,1973). Moreover, organoselenium
compounds possess a variety of biological activities, including anti-
oxidant, anticancer, antimicrobial, antiviral, antidepressant-like, anti-
ulcer, neuroprotetor, antinociceptive and antiinﬂammatory proper-
ties (Meotti, Stangherlin, Zeni, Nogueira, & Rocha, 2004; Nogueira,
Zeni, & Rocha, 2004; Savegnago et al., 2006a,b; 2008; Wilhelm,
Jesse, Bortolatto, Nogueira, & Savegnago, 2009).
Microbial activity and oxidation reactions are considered to be
major causes of food spoilage. In addition, the presence of patho-
genic bacteria in foods has motivate the search for new alternatives3.
(W.P. Silva), lenardao@ufpel.
sevier OA license.for foodborne illness control, to ensure themicrobiological quality of
food products (Rahman & Kang, 2009).
To minimize food degradation by microorganisms, legislation
allows the application of chemical additives, to maintain the
organoleptic properties of foods during storage (Guillard, Issoupov,
Redl, & Gontard, 2009). However, the application of chemical
additives to food can have residual effects on the health of
consumers, spurring research into new antimicrobial substances of
natural origin for use in foods. For instance, plant essential oils (EOs)
have been studied for their potential as natural food preservatives
(Ebrahimabadi, Djafari-Bridgoli, Mazoochi, & Kashi, 2010; Tajkarimi,
Ibrahim, & Cliver, 2010.). EOs are considered to be Generally
Regarded as Safe (GRAS) additives, andmany of themdisplay awide
spectrum of antimicrobial activity, the potential to control food-
borne pathogens and, maintain the microbiological stability of
foods (Gutierrez, Bourke, Lonchamp, & Barry-Ryan, 2009; Wu, Qiu,
Bushway, & Harper, 2008). Although it remains unclear which plant
components are active, essential oils and phenolic compounds have
recently received increased attention because, these active ingre-
dients are widely distributed in edible plants (Bakkali, Averbeck,
Averbeck, & Idaomar, 2008; Kamel et al., 2007).
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toxic substances to foods are challenges faced by both researchers
and industry. Citronellal and citronellol are monoterpenes
predominantly formed during the secondary metabolism in plants.
They are typically isolated as a non-racemic mixture of their R and S
enantiomers using steam distillation or solvent extraction from the
oils of Corymbia citriodora Hill and Johnson, Cymbopogon nardus
and Java citronella (Lenardão, Botteselle, Azambuja, Perin, & Jacob,
2007). Important commodities in the fragrance industry, citronellal
and citronellol are employed as intermediates in the synthesis
of several naturally occurring terpenoids, such as 1-menthol,
a-tocopherol and irones (Sell, 2003).
Therefore, our research group recently designed a green
synthesis protocol for new organoselenium compounds derived
from (R)-citronellal, the major constituent of the essential oil of
citronella (Cymbopogon nardus (L) Rendle), and that preliminary
study indicated that a-phenylseleno citronellal and phenylseleno
citronellol were potential antimicrobial agents (Victoria et al.,
2009). Consistent with these ﬁndings, Wójtowicz et al. (2004)
demonstrated that other organoselenium compounds have anti-
microbial activity, i.e., azaanalogues of ebselen and functionalized
alkyl and aryl diselenides.
In light of the ﬁndings described above, the objective of this
study was to extend our previous ﬁndings by investigating the
antimicrobial properties of new semi-synthetic organoselenium
compounds, 2-phenylseleno citronellal and 2-phenylseleno citro-
nellol against the foodborne pathogenic bacteria Listeria mono-
cytogenes ATCC 19117, Staphylococcus aureus ATCC 27664 and
Salmonella Typhimurium ATCC 14028.2. Material and methods
2.1. Oil material and its constituents
Essential oil of citronella (C. nardus (L) Rendle) was extracted
from the plant grown in southern Brazil (Três Passos-RS). Themajor
component was found to be (R)-citronellal (40e51%). The (R)-
citronellal was isolated from the essential oil by distillation under
reduced pressure (4 kPa) (Victoria et al., 2009).
2.1.1. Analysis of the essential oil
The identiﬁcation and determination of the major chemical
constituents ratio of the essential oil was performed with Gas
Chromatography coupled with Mass Spectrometry (GCeMS) anal-
ysis. The oil was dissolved in hexane, and the injected sample
volume was 1.0 ml. A Shimadzu GCeMS QP2010 and a Polyethylene
glycol (Carbowax), model Rtx-Wax (RESTEC) (30 m  0.25 mm i.d.,
ﬁlm thickness 0.25 mm) capillary columnwere used for the analysis.
The temperature was ﬁrst held at 40 C, and then raised to 250 C
(10 min, 20 C/min). The carrier gas was N2 at a ﬂow rate of 3 mL/
min. The components of the oil were identiﬁed through compar-
ison of their retention index and mass spectra with comparison
with the fragmentation patterns from computer matching with the




Fig. 1. Synthesis of 2-phenylseleno citron2.2. Synthesis of 2-phenylseleno citronellal and 2-phenylseleno
citronellol
The synthesis of 2-phenylseleno citronellal 1 and 2-
phenylseleno citronellol 4 was performed according to the meth-
odology developed by our research group (Victoria et al., 2009).
Al2O3/KF was added at room temperature to a mixture of (R)-
citronellal (2, 0.154 g, 1 mmol) diphenyl diselenide (3, 0.156 g,
0.5 mmol) and PEG-400 (1 g) under N2 atmosphere. The temper-
ature was then slowly increased to 60 C. Progress of the reaction
wasmonitored using thin layer chromatography (TLC) and after 3 h,
compound 1 was isolated and identiﬁed (Fig. 1). The protocol was
applied to the one-pot preparation of 2-phenylseleno citronellol 4.
Thus, after the formation of 1, NaBH4 (2 equiv) was added and the
mixture was stirred at room temperature for an additional 2.5 h
resulting in the alcohol 4 (Fig. 1).2.3. Bacterial strains
The bacterial strains used in all antimicrobial assays were:
L. monocytogenes ATCC 19117, Salmonella Typhimurium ATCC 14028
and S. aureus ATCC 27664. All strains were obtained from the
American Type Culture Collection (Rockville, MD, USA), and main-
tained in soft Tryptic Soy Agar (TSA) at 4 C.
2.3.1. Antimicrobial activity assay using the agar diffusion method
The agar diffusion method was employed to screen compounds
for antimicrobial activity. The antimicrobial activity assay was
performed according to the methods of the National Committee of
Clinical Laboratory Standards (NCCLS, 2003). Fresh cultures of
S. aureus and S. Typhimurium were inoculated and grown in BHI
broth (Brain Heart Infusion), L. monocytogeneswas grown in TSB-YE
broth (Tryptic Soy Broth e Yeast Extract 0.6%). After 24 h the
cultures were standardized to a cell density of 1.5108 UFC/mL (0.5
McFarland). Brieﬂy the suspension of the tested microorganism
was spread on the MHA (Muller-Hinton Agar). Filter paper discs
(6 mm diameter) were impregnated with 20 mL of an organo-
selenium compound, at concentrations ranging from
64 mMe16 mM, and allowed to dry. The discs were placed on
inoculated plates; that were then incubated at 37 C for 24 h. The
diameters of the inhibition zones were measured in millimeters
(mm). Discs impregnated with solvent used for dissolution,
dimethyl sulfoxide (DMSO) were used as negative controls. All
experiments were performed in triplicate.
2.3.2. Measument of arbitrary units of antimicrobial activity
Antimicrobial activity was determined essentially as described
elsewhere (Motta & Brandelli, 2002). An aliquot of 20 mL was
applied to discs (6 mm) on MHA plates previously inoculated with
a swab submerged in an indicator strain suspension corresponding
to a 0.5 McFarland turbidity standard solution. Plates were incu-
bated at the optimal temperature for the test organism. The anti-
microbial activity titer was determined by the serial twofold
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Fig. 3. Structures of tested compounds.
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tion after the last serial dilution that resulted in an inhibition zone
and expressed as arbitrary units (AU) per milliliter. The AU/ml in
each experiment was determined against the respective indicator
strain.
2.3.3. Minimum inhibitory concentration assay
The minimum inhibitory concentration was determined using
the broth macrodilution method, according to the methods of
NCCLS 2003, with a slight modiﬁcation. A series of two-fold dilu-
tions of each compound, ranging from 8 mM to 3.5 mM, were
prepared in BHI broth (S. aureus and Salmonella Typhimurium) and
in TSB-YE broth (L. monocytogenes). The culture concentrations
were adjusted from 1.5  108 UFC/mL (0.5 McFarland) to 5  105
UFC/mL with saline solution (0.85%). A 1 mL portion of each dilu-
tion of each compound and of each bacterial culture were added to
a test tube and agitated and incubated at 37 C for 24 h. After
incubation,100 mL of resazurin solutionwas added to the tubes, and
the tubes were incubated again at 37 C/30 min. Resazurin is an
oxidation-reduction indicator and has been used to assess viability
and bacterial contamination, as well as to test antimicrobial activity
(Smith & Townsend, 1999). Both positive and negative controls
were included. The minimum inhibitory concentration (MIC) of an
antimicrobial agent is deﬁned as the lowest concentration of the
compound resulting in no demonstrated visible growth after 24 h
of incubation.
2.4. Statistical analysis
The data were recorded as mean  standard deviation (SD) and
were analyzed by one-way ANOVA, followed by a Tukey multiple
range test when appropriate. Differences between groups were
considered signiﬁcant when p < 0.05. All tests were performed at
least three times in duplicate.
3. Results and discussion
3.1. Chemical analysis of the essential oil of citronella
The GCeMS analysis of the essential oil showed four major
compounds. The components and the retention index (RI) for eachare shown in Fig. 2. The major constituents of the essential oil were
identiﬁed as being (R)-citronellal 2 (45.4%), citronellol 5 (7.7%),
geraniol 6 (19%) and limonene 7 (5.2%). The citronellal used in this
work was isolated from the essential oil by distillation under
reduced pressure (4 kPa) and its purity conﬁrmed by GC.
3.2. Antimicrobial activity
In the ﬁrst set of experiments, antimicrobial activity was eval-
uated using the agar diffusion method. The in vitro antimicrobial
activity of seleno compounds 1 and 4 was compared with 2 and 5,
with the chemical structures of the tested compounds shown in
Fig. 3. The indicator strains L. monocytogenes, S. aureus and
S. Typhimurium were qualitatively and quantitatively assessed for
the presence or absence of inhibition zones (zone diameters)
(Table 1), the minimum inhibitory concentration (MIC) (Table 2)
and measuring AU/mL (Table 3).
The results of Table 1 conﬁrmed previous results showing that
selenocompounds have antimicrobial activity (Victoria et al, 2009).
The effect of 2-phenylseleno citronellal 1 and (R)-citronellol 5
weren’t different in all concentrations tested to Gram-positive
bacteria L. monocytogenes and S. aureus and the Gram-negative
S. Typhimurium. However, both compounds, 1 and 5, were statis-
tically different from 2-phenylseleno citronelol 4 and (R)-citronelal
2 (p < 0.05). From the statistical data, it was concluded that alde-
hyde 2 and alcohol 5, have nearly the same effects on both Gram-
positive and Gram-negative bacteria, as their activities against
both S. aureus and S. Typhimurium, at almost all concentrations,
were not signiﬁcantly different. According to Morton (1983) alco-
hols and aldehydes with long chains were particularly active
against Gram-positive bacteria, and the antimicrobial activity of
alcohols is known to increase with molecular weight. However, in
Table 1
Antimicrobial activity of 2-phenylseleno citronellal 1, 2-phenylseleno citronellol 4, (R)-citronellal 2 and (R)-citronellol 5 by the agar diffusion method.
Inhibition zonea (mm)
L. monocytogenes (1.5  108 UFC/mL) S. aureus (1.5  108 UFC/mL) S. Typhymurium (1.5  108 UFC/mL)
64 mM 32 mM 16 Mm 64 mM 32 mM 16 mM 64 mM 32 mM 16 mM
1 18a,A 16.7b,D 14.8c,F 17d,I 14.7e,L 12.8f,N 16g, P 14.3g,h,R 14h,U
4 11h,B 9.7h,E 8.7h,G 11,3i,J 10i,M 9.3i,O 13j, Q 11j,R 10j,V
2 13.3l,C 12.7l,D,E 10.3l,G,H 13.0m,J 11.7n,L,M 8.3o,O 13p, P, Q 12.7q,R,S 10p,U,V
5 17.7r,A 16.3r,D 11s,F,H 15.3t,I,J 15.0t,L 8.3u,O 13.7v, P, Q 7.7x,T 7.0x,U
**Means follow by different small letters in horizontal are signiﬁcantly different (p < 0.05) for each bacteria between the concentrations.
***Means follow by different capital-letter in vertical are signiﬁcantly different (p < 0.05) for each concentration between the compounds.
a Results are the mean of three repetitions.
Table 2
Minimum inhibitory concentration (MIC) of 2-phenylseleno citronellal 1,
2-phenylseleno citronellol 4, (R)-citronellal 2 and (R)-citronellol 5.
MIC values (mM)a
L. monocytogenes
(5  105 UFC/mL)
S. aureus
(5  105 UFC/mL)
S. Typhimurium
(5  105 UFC/mL)
1 0.12a,A 0.5b, E 0.03c,I
4 8d,B 1e,F 1e,J
2 >8f,C >8f,G 4g,L
5 2h,D 4i,H 8j,M
**Means follow by different small letters in horizontal are signiﬁcantly different
(p < 0,05) for each bacteria between the concentrations.
***Means follow by different capital-letter in vertical are signiﬁcantly different
(p < 0,05) for each concentration between the compounds.
a Results are the mean of three repetitions.
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noselenium compound, showed better antibacterial activity than
compound 2 against L. monocytogenes and S. aureus (Gram-posi-
tive) whereas for S. Typhimurium, activity was low or not signiﬁ-
cant (Gram-negative). According to the literature, unmodiﬁed
alcohols and aldehydes have different mechanisms of action.
Alcohols act to denature proteins and disrupt of membranes, and
can thus dissolve various lipids in the cytoplasm. Aldehydes inac-
tivate proteins by forming covalent cross-links with several func-
tional organic groups (eNH2, eOH, eCOOH and eSH) (Tortora,
Funke, & Case, 2008).
There is signiﬁcant difference in the sensitivities of
L. monocytogenes and S. aureus (Gram positive bacteria) to the
chemically unmodiﬁed aldehyde 2 and the functionalized selenium
aldehyde 1. In fact, the addition of diphenyl diselenide to (R)-
citronellal increased the antimicrobial activity of this compound
against both the Gram-positive and the Gram-negative bacteria we
tested. Some studies suggest that Gram-positive bacteria are more
sensitive to essential oils and their constituents than Gram-
negative bacteria. This ﬁnding seems to be related to the pres-
ence of the outer membrane of Gram-negatives, which makes the
structure of these microorganisms more waterproof and resistantTable 3
Arbitrary units (AU/mL) of 2-phenylseleno citronellal 1, 2-phenylseleno citronellol 4,








1 6400 6400 6400
4 1600 400 400
2 1600 3200 3200
5 6400 12800 12800
a Results are the mean of three repetitions.to physical and chemical agents (Smith-Palmer, Stewart, & Fyfe,
1998). While this explanation has been generally well accepted
(Burt, 2004; Delaquis, Stanich, Girardi & Mazza, 2002) have also
noted studies that suggest a slowdown in the growth of Gram-
negative bacteria. Our results demonstrated that compounds 1
and 2 have good activity against the Gram-negative bacteria
Salmonella Typhimurium and against Gram-positive bacteria
L. monocytogenes and S. aureus.
The high antimicrobial activity of the modiﬁed compound 1was
conﬁrmed in the minimum inhibitory concentration assay
(Table 2), where it exhibited minimal inhibitory concentration
values of 0.12 mM (L. monocytogenes), 0.5 mM (S. aureus) and
0.03 mM (S. Typhimurium). In small concentrations, the seleno-
compound 1 was stronger against the Gram-negative bacteria,
S. Typhimurium, which is of great concern to public health and
represents one of the most important gastroenteritis-causing
serovars of Salmonella in the world (Ray, 2001). According to the
statistical data, the action of aldehyde 1 against the studied bacteria
was different from all other compounds tested (p < 0.05), with
different results for each bacterium tested. The MIC test demon-
strated the advantages of adding an organoselenium group to
(R)-citronellal. The biological effects of selenium include antioxi-
dant, antiinﬂamatory and antiviral activities; however, little infor-
mation exists about the antimicrobial activity of selenium
compounds.
The antimicrobial potential of the compounds was quantiﬁed by
measuring AU/mL using the agar diffusion method (Table 3). For all
bacteria tested, the best results were obtained for the modiﬁed
compound 1 and for the non-modiﬁed compound 5.
2-Phenylseleno citronellal 1 showed the same value of arbitrary
units for all three bacteria, while the alcohol (R)-citronellol 5
showed the best result against S. aureus and S. Typhimurium, two
bacteria important for public health and food safety. From this data
is possible to conclude that the action of compound 1 wasn’t
different between Gram positive and Gram-negative bacteria used
in this test. Further studies into the mechanism of action of the
seleno compound 1, and its action against other foodborne bacteria,
as well as its toxicity will be conducted.
4. Conclusion
From this study it can be concluded that organoselenium
compound 1, derived from (R)-citronellal 2 and obtained from
a renewable source, C. nardus (L) Rendle, can be effective against the
foodborne pathogenic bacteria, L. monocytogenes, S. aureus and
Salmonella Typhimurium. Promising results for minimal inhibitory
concentration against Salmonella Typhimurium (0.03 mM), an
important foodborne bacterium, and of arbitrary units against all
three bacteria tested (6.400 AU/mL) showed the potential of orga-
noselenium compound 1 to enhance the safety and shelf life of food
products.
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